Introduction 1
The eukaryotic flagellum is an evolutionarily "ancient" organelle. Flagella are represented in 2 most eukaryotic lineages, from deep branching eukaryotes, e.g. Giardia, trichomonads and 3 kinetoplastids, to crown eukaryotes, e.g. humans and other mammals. In all cases flagella have a 4 conserved underlying structure and are usually assembled via the conserved process of intraflagellar 5 transport (Rosenbaum, 2002) . Thus, the combined evidence indicates that the flagellum arose very 6 early in eukaryotic evolution and that organisms lacking flagella arose through loss of the organelle. 7
The flagellum is also "old" as an object of study and is arguably the first organelle ever described 8 (Satir, 1995) . These biological nanomachines have captured the imagination of scientists and interested 9 observers for over 300 years, since Antony Van Leeuwenhoek's original description of "little legs " 10 propelling the movement of microbes in 1675 (Dobell, 1958) . trypanosomes, demonstrated a motility function for the majority of these (Fig. 6 ). TbCMF proteins are 5 expected to be axonemal, since they are conserved in organisms that lack a PFR or FAZ. Consistent 6 with this, immunolocalization and biochemical fractionation demonstrated that several of these 7
proteins are exclusively and stably associated with the flagellum, and ultrastructural analysis identified 8 one family of novel TbCMF genes required for maintaining nexin linkages between axonemal outer 9 doublets (Baron et al., 2007b). 10
The genomic analysis of Baron and colleagues also revealed that several flagellar genes are 11
represented by families of two or more related sequences and that these gene families are often 12 expanded in T. brucei. These trypanosome-specific gene expansions include components of the dynein 13 regulatory complex, protofilament ribbons, dynein light chains and three novel protein families. have added to the repertoire of genes implicated in human ciliary diseases and have provideddemonstration that these genes have bona fide flagellum functions. T. brucei is therefore emerging as 1 an extremely powerful experimental system for probing candidate disease genes. It will become even 2 more valuable as the era of gene discovery comes to a close and the focus turns to functional analysis. name Trypanosoma is in fact derived from the Greek words for auger, "trypanon", and cell, "soma". 10
Until recently, we knew very little about the molecular mechanisms of flagellar beat in T. brucei and 11 this was almost exclusively derived by extrapolation from other systems, with little or no direct 12 experimental evidence from trypanosomes. While some aspects of axonemal motility can reasonably 13 be expected to be conserved in T. brucei, other features are unique and warrant direct examination. For 14 example, in addition to the structural peculiarities discussed above, the T. brucei flagellum moves 15 rapidly in three dimensions, producing a spiral waveform with beat parameters that vary significantly 16 along the length of the axoneme. Hence, flagellar beat in these parasites is highly dynamic and 17 considerably more complex than in most other systems where it has been studied. Moreover, the 18 dominant waveform in T. brucei and other trypanosomatids is a tractile beat that initiates at the tip of 19 the flagellum and propagates toward the base (Walker, 1961; Walker and Walker, 1963) , which is 20 opposite of the base-to-tip beat observed in most other flagella. This tractile beat is disrupted 21 intermittently with a brief base-to-tip beat, although this is not sustained in wild-type trypanosomes 22 Reverse beat in LC1 mutants drove cell movement backward, with the flagellum tip trailing. These 7 results provide clues into mechanisms controlling beat direction. They also illuminate an interesting 8 contrast between trypanosomes and Chlamydomonas, where loss of outer arm dynein prevents flagella 9 from assuming a symmetric base-to-tip beat (Kamiya and Okamoto, 1985) . In other words, in one 10 organism (trypanosomes), loss of the outer dyneins allows only symmetric base-to-tip beating, whereas 11 in the other organism (Chlamydomonas), loss of outer dyneins prevents this beat form. Therefore, the 12 data suggest that there are specialized functions of outer dynein motors in T. brucei. 13
There are also species-specific differences in the systems that regulate dynein activity. Since this asymmetric division occurs only after the parasite reaches specific host tissues, control of 1 cell cleavage by the FAZ/flagellum is likely regulated in response to specific environmental cues. 2 3
Flagellar motility and cytokinesis 4
Perhaps even more surprising than the role for flagellum assembly and attachment in cleavage 5 furrow formation was the finding that flagellar beating is required to complete cell division in 6 procyclic cells (Fig. 9) (Fig. 7) . Ralston, each of these events was examined and found to occur as expected ( has not been completed on any of the bloodstream-form mutants, the structural consequences of 7 knockdown in this life cycle stage is unknown. Finally, since there is an emerging link between 8 flagellum assembly/disassembly and cell cycle control in other organisms, it is possible that perturbing 9 fidelity of the flagellum, rather than motility itself, triggers a cytokinesis checkpoint. Therefore, it 10 remains to be determined whether or not flagellar motility is essential in bloodstream-form 11 trypanosomes. Clearly, many more exciting discoveries can be expected from continued investigation 12 of the connection between the flagellar apparatus and cell division in these deadly pathogens. We are grateful to Dr. Z. Pius Kabututu for the illustration in Fig. 1c and we thank all members 13 of our laboratory, as well as two anonymous reviewers for thoughtful comments on the manuscript. 14 Our apologies to those whose work was not covered in this review owing to space limitations. K. Shapiro, H., Lucas, S.M., Grimwood, J., Schmutz, J., Cardol, P., Cerutti, H., Chanfreau, G., 6
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